Identifying Research Priorities for Effective Retention Strategies in Clinical Trials 
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Background: The failure to retain patients or collect primary outcome data is a common challenge for trials that reduces the statistical power and potentially introduces bias into the analysis.  Identifying strategies to minimise missing data was the second highest methodological research priority in a Delphi survey of the Directors of UK Clinical Trial Units (CTUs) and is important to minimise waste in research. Our aim was to assess the current retention practices within the UK and priorities for future research to evaluate the effectiveness of strategies to reduce attrition.  
Methods: 75 Chief Investigators of NIHR Health Technology Assessment (HTA) funded trials starting between 2009 and 2012 were surveyed to elicit their awareness about causes of missing data within their trial and recommended practices for improving retention. 47 CTUs registered within the UKCRC network were surveyed separately to identify approaches and strategies being used to mitigate missing data across trials. 
Responses from the current practice surveys were used to inform a subsequent two round Delphi survey with registered CTUs.   A consensus list of retention research strategies was produced and ranked by priority.  
Results:  50/75 (67%) Chief Investigators and 33/47 (70%) registered CTUs completed the current practice surveys. 78% of trialists were aware of retention challenges and implemented strategies at trial design. Patient initiated withdrawal was the most common cause of missing data. Registered CTUs routinely used newsletters, timeline of participant visits, and telephone reminders to mitigate missing data. Whilst 36 of 59 strategies presented had been formally or informally evaluated, some frequently used strategies such as site initiation training have had no research to inform practice. 
35 registered CTUs (74%) participated in the Delphi survey. Research into the effectiveness of site initiation training, frequency of patient contact during a trial, the use of routinely collected data, the frequency and timing of reminders, triggered site training and the time needed to complete questionnaires was deemed critical. Research into the effectiveness of Christmas cards for site staff was not of critical importance. 
Conclusion: The surveys of current practices demonstrates a variety of strategies are being used to mitigate missing data but with little evidence to support their use. Six retention strategies were deemed critically important within the Delphi survey and should be a primary focus of future retention research. 
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The challenges of recruiting and retaining participants in clinical trials are well documented (1-4) and addressing these is of critical importance.  A recent Delphi survey with Directors of UKCRC Clinical Trial Units established that identifying methods to improve recruitment was a top methodological research priority with methods to minimise attrition and the development of core outcome sets as joint second (5). 
These priorities are in line with moves to minimise waste in research, ensuring trials are as robust and cost effective as possible (6-10). One of the key ways to achieve this is to maximise the retention of all recruited patients in the study and the collection, analysis and reporting of a complete set of outcomes for them. Whilst there are a number of projects addressing recruitment challenges it is important to ensure there is an equal focus on retention. Recruiting and randomising people who are not subsequently retained for the measurement of the primary outcome may be worse for the analysis of the trial than not randomising that patient at all. 
Missing data arises from patients being lost to follow up or withdrawing before data collection time points, difficulties in measuring and recording outcomes for patients who are retained, incomplete or missing patient reported outcomes, or by excluding data from randomised patients from the analysis population. Missing primary outcome data in clinical trials is a common problem which has the potential to reduce the power of the trial and can introduce bias if the reasons or amounts of missing data are different across arms. Both the Food and Drug Administration (FDA) and European Medicines Agency (EMA) guidelines (11-14) strongly emphasise the need to mitigate missing data within trial design and conduct, as statistical methods ‘cannot robustly recover the estimates from a complete data set’.
Our aim is to understand the current practices employed by UK trialists to mitigate missing data in clinical trials. To achieve this we conducted a survey of Chief Investigators of NIHR Health Technology Assessment (HTA) funded trials and Clinical Trial Units (CTUs) registered within the UK Clinical Research Collaboration (UKCRC) network. A subsequent Delphi survey across registered CTUs was undertaken to establish retention research priorities to minimise missing data in clinical trials.
[bookmark: _Toc430179160][bookmark: _Toc305226237][bookmark: _Toc305226366][bookmark: _Toc313094188][bookmark: _Toc313094541][bookmark: _Toc453590095]Methods
Surveys of current practices for mitigating missing data 
[bookmark: _GoBack]Two different surveys of HTA Chief Investigators and registered CTUs were used to capture current retention practices. HTA Chief Investigators were surveyed to provide a clinical perspective of retention based strategies used within specific trials representing a range of disease areas. In contrast registered CTUs were surveyed to identify non-clinical expertise and insights pertinent across a wide range of trial designs. Whilst it is possible some HTA funded trials engaged the expertise of registered CTUs, the two surveys were designed to elicit responses from the different perspectives.
A cohort of seventy six NIHR Health Technology Assessment Programme (HTA) funded randomised trials were identified through their website portfolio (15). The NIHR HTA portfolio was chosen as it represents the largest public funder of current and ongoing trials and the start dates ensured at least one year’s recruitment following any pilot work or delays obtaining governance approvals. Two-arm, parallel trials were included. Exclusion criteria were pilot studies, patient preference trials, Phase 1 and 2 trials, studies evaluating longer term follow up of previous trials and sub-studies. This cohort was identified as part of a wider project on retention. Parallel trials with more than two arms were also excluded for consistency across linked projects.  
Chief Investigators were surveyed to identify whether retention concerns were identified or known at the trial outset and which missing data strategies were implemented either during the trial design or subsequently during trial conduct (Additional file 1). Survey questions included the causes of missing data within their current trials and whether observed levels of missing data were higher, lower or as expected compared to their estimations at trial outset. Respondents were also asked to recommend the three most effective retention practices based on their experience of clinical trials.
A second survey was emailed to 47 registered CTUs identified from the UK Clinical Research Collaboration (UKCRC) website in August 2014 (Additional file 2). Surveys were initially sent to registered CTU directors to complete or delegate as appropriate. If there was no response attempts were made to identify contact details for other senior staff such as deputy directors, operational directors, senior trial managers or senior statisticians. Fifty-nine strategies to reduce missing data were collated from the Cochrane review and the published results of previous surveys (16, 17). Registered CTUs were asked to identify which of these strategies they had used within their trials either during the initial design or later in response to specific challenges. Registered CTUs also had the opportunity to suggest strategies that they felt were missing. For each strategy selected registered CTUs were asked whether it was used routinely or occasionally and whether they had evaluated its effectiveness. Evaluations were classified as either a formal nested study or an informal evaluation comparing retention rates before and after implementation. Questions also explored how frequently sample size calculations were adjusted for missing data, what percentage of missing data was used and the justification for this. 
Both surveys were created in MS Word and distributed via email to allow collaboration within the relevant trial teams and registered CTUs.  
One author (AK) categorised free text fields and analysed binary responses from the surveys using SPSS 22. 
Delphi Survey
A Delphi survey was used to gain consensus amongst the registered CTUs to identify which missing data strategies should be prioritised for future research to evaluate their effectiveness. Registered CTUs were invited to take part in in the Delphi due to their knowledge across clinical trials so that established priorities would be pertinent to the majority of trials undertaken.
Forty seven CTU directors, or their proxy from the previous survey were invited by email to take part in a two-round online Delphi survey. During registration participants were given a unique ID number to allow the survey to be completed across a number of sessions and link responses between rounds.
A list of 67 missing data strategies were compiled for use in round one based on the results of the surveys shared with CTUs and HTA Chief Investigators. Registered CTU responses directed changes to the 59 strategies initially used: Three strategies were amended for clarity; four strategies were separated to allow delineation between strategies aimed at sites and participants; and similar strategies were grouped together to minimise Delphi survey burden (Table S1). Two topics were removed as they were not used by registered CTUs (Table S2).  Twelve new strategies were added, 10 of which were influenced by responses from the Chief Investigators survey. These predominantly focussed on timing and frequency of strategies e.g. newsletters, patient contact, site contact and questionnaires and were in added in response to comments in the CI survey about ‘regular’ contact. 
Participants were invited to score each strategy using a scale of 1 and 9 based on the GRADE guidelines (18). Scores 1-3 indicated research into the effectiveness of the retention strategy was not important, 4-6 indicated it was important but not critical and 7-9 indicated research was of critical importance.  All survey participants could suggest additional retention strategies during round one and could abstain from scoring any strategy. 
All participants who completed round one were invited to participate in round two where they were shown a summary of the group’s scores from the previous round and given the option of changing their individual scores or keeping them the same (Figure 1). All strategies from round one were used in the subsequent round. Additional strategies suggested by participants were reviewed by CG and AK for inclusion in round two.  

Figure 1: Delphi Survey, example of scoring software used in round 2 
Legend: Individual participant scores were highlighted in yellow, with percentage of all respondent scores listed beneath each radio button.  

Incentive prize draws of £75 and £25 high street gift vouchers were offered for responses to round two within 7 and 12 days respectively. The aim of the incentive was to improve response rates and minimise the need for reminders. Participants were notified of the incentive within the email invite to round two. 
Consensus was predefined using criteria used in a similar methodological priority setting exercise and core outcome development (5, 19).  Consensus that research was of critical importance was reached if >70% of scores were 7-9 and <15% of scores were 1-3. Consensus that research was not important was reached if >70% of scores were 1-3 as long as <15% scores were 7-9.   All research topics from round two were ranked according to the percentage of participants scoring a research topic as critically important (scores 7-9). Where strategies achieved the same score they were then ranked order of the percentage of scores 4-6.
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Seventy six Chief Investigators were approached to complete the survey, but one trial responded to confirm that it did not proceed following the initial pilot and was excluded from the cohort. Fifty of the remaining 75 (67%) surveys were returned (Figure 2). A breakdown of responder role can be found in Table S3.  Trials represented a broad range of health conditions and intervention types (Table S4). Over half the trials had closed to recruitment, and 38 (76%) of the trials were aiming to recruit no more than 1000 participants. 

Figure 2: Cohort of NIHR HTA funded trials
Legend: A search of the NIHR Health Technology Assessment Programme (HTA) portfolio website was conducted on 23rd September 2014 using a keyword ’randomised’, limited to primary research.

Thirty nine trials (78%) were aware of retention issues at the outset of the trial, with 19 (49%) citing challenges associated with the patient population such as high mortality or a mobile population and 16 (41%) concerned about patients not returning data (Table S5). Only seven of the fifty trials (14%) stated that current missing data levels were higher than expected at trial design.
Forty one (84%) of trials experienced missing data caused by patient initiated withdrawal, 30 (61%) through losing contact with patients and 24 (49%) by patients not returning data. However, 14 trials (29%) also reported data was missing because patients did not attend visits, 12 (25%) due to clinical staff failing to take measurements and 10 (20%) reported that data was not provided by clinical staff.  (Table 1)

Table 1: Current causes of missing data within the cohort of HTA funded trials 
	Causes of Missing Data
	No. of Trials (%) 
n=49*

	Patients withdrawing
	41 (84%)

	Losing contact with patients
	30 (61%)

	Patients not returning questionnaire
	24 (49%)

	Patient deaths
	23 (47%)

	Clinicians withdrawing patients
	17 (35%)

	Patients not attending a visit/ clinic
	14 (29%)

	Missed measurement by clinical staff
	12 (25%)

	Patient outcomes other than death preventing measurement e.g. coma, too ill to complete measures
	10 (20%)

	Data not provided by clinical staff
	10 (20%)

	Other
	6 (12%)

	Technology problems
	4 (8%)

	Lab problems
	2 (4%)


Legend: Survey respondents chose all causes of missing data observed in their trial.*One person did not complete the question. 

Based on the respondent’s experiences of clinical trials, the most effective practices for mitigating missing data were robust monitoring and working closely with research sites. 25 (50%) trials recommended monitoring practices to identify, track and rigorously follow up missing data, 15 (30%) recommended maintaining good relationships with trial sites ensuring regular contact, 11 (22%) highlighted the importance of site training and 10 (20%) recommended offering multiple approaches to collect data such as home visits or phone interviews (Table 2). 

Table 2: Top five recommended practices to mitigate missing data recommended by Chief Investigators 
	Retention strategy
	No of respondents (%)
 n=50

	Monitoring (procedures, methods and systems for monitoring data return and following up outstanding data)
	25 (50%)

	Good site relationship/ regular contact with sites to ensure buy in
	15 (30%)

	Site training (Initiation training and triggered training)
	11 (22%)

	Multiple methods of data collection
	10 (20%)

	Well-chosen measures and outcomes
	6 (12%)


Legend: See Table S7 for complete list of recommend practices. 

Survey of registered CTUs 
33/47 (70%) registered CTUs responded to the survey of current practices.  Twenty nine (90%) registered CTUs routinely adjust their sample size to account for missing data of which nineteen (66%) used evidence from other trials to inform the levels of adjustment, 9 (31%) used their own past experience, 4 (14%) used pilot data, 2 (7%) used estimated figures from the Chief Investigator, 2 (7%) used a standard 20% drop-out rate and 1 (3%) used a best guess (Table S9). 
Newsletters were the most routinely used missing data strategy reported by 23 registered CTUs (70%) (Table 3). A total of 30 registered CTUs reported using newsletters at some point to mitigate missing data, twenty of which used them to communicate with sites, one used them to communicate with patients and nine registered CTUs used them with both audiences.  

Table 3: Missing data interventions and reported evaluations into their effectiveness (Registered CTU Survey Question 6 and 7).
Legend:  a1 case where the newsletter were used with patients only, 9 cases where newsletters were used with both patients and research sites, and 20 cases where they were only used with research sites. b Strategies used to enhance questionnaire response rates from questions 7 of the registered CTU survey c Two respondent stated they would not use this intervention again. d One person reported both occasional and routine use. e One respondent stated they would not use this intervention again.

Nineteen registered CTUs (58%) reported routinely using a timeline of participant visits and the inclusion of a prepaid envelope for questionnaires, 18 (55%) regularly used telephone reminders, data collection scheduled with routine care and site Initiation training on missing data. Seventeen (52%) of registered CTUs reported occasionally using routinely collected data, 15 (45%) occasionally used follow up through patient notes, 14 (42%) contacting GPs for missing data/ to trace patients, 13(39%) patient diaries, SMS (text) reminders and reimbursement of participant expenses. No one reported using a crèche service, behavioural motivation, charity donations or public draws such as national lottery tickets.
Thirty one planned, ongoing or complete nested randomised control trials evaluations were reported for 26 out of the 59 (44%) different missing data strategies. Thirty five informal evaluations of 23 interventions assessed effectiveness by comparing retention before and after the implementation of a retention strategy. In total 36 of the 59 listed strategies had had some form of evaluation (Table 3). However, no assessments of site initiation training or a timeline of participant visits had been undertaken despite their frequent use by registered CTUs. 
Delphi Survey
35 (74%) registered CTUs responded to round one of the Delphi Survey with 34 (97%) completing round two. Two people independently responded on behalf of one registered CTU. Both sets of answers were included and we report the analysis for 36 responses in round one and 35 responses in round two.  
In round one consensus was reached on two strategies; the use of routinely collected data (72%) and site initiation training on missing data (75%) (Table 4).

Table 4: Delphi Survey research priorities for assessing the effectiveness of missing data interventions. 
Legend: a Consensus was achieved that the future research was of critical importance. b Consensus was achieved that future research was not important.

Participants suggested 4 new strategies during round one which were included in round two: research nurse teleconferences; the use of Patient Reported Outcome Measures versus clinician collected outcomes; format of newsletters and mode of delivery; availability of blinded outcome assessors to ensure data availability and quality. 
Nineteen (54%) of those completing round two of the survey responded by the first prize draw deadline, a further 9 (26%) by the second prize draw deadline and 3 (9%) completed the survey after the incentives ended but before the survey closed. A further 4 (11%) completed the survey after it had officially closed following email or phone communication but were also included.
In round two consensus was reached for seven interventions (Table 4). Consensus criteria for critically important research was met for: site initiation training on missing data; frequency of patient contact during the trial; use of routinely collected data; frequency and timing of reminders; triggered site training on missing data and the length of time needed to complete questionnaires. Research into Christmas and birthday cards for site staff was found to be of low importance by over 70% of respondents. 
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Surveys of current practices and a Delphi Survey have highlighted routinely used approaches within the UK, the lack of evidence informing practice and future methodological research priorities within retention.  
A strong focus has been placed on improving recruitment in clinical trials and this is routinely monitored and accepted as a key performance indicator of sites impacting funding received (20). However, attention needs to be extended to cover the retention of randomised participants with sites monitored and rewarded accordingly. While HTA Chief Investigators are aware of retention issues and registered CTUs are regularly revising sample sizes and proactively implementing a broad range of strategies to maintain contact with patients, improve questionnaire and data return, minimise patient burden and incentivise patients, retention is currently not used as a key performance indicator within UK research networks and is seldom linked to per patient payments for research costs. 
Whilst survey formats differed, the perspectives of Chief Investigators and registered CTUs were similar. Chief investigator’s recommendation of good monitoring processes to identify and address any problems with data collection was congruent with registered CTUs routine use of strategies that might facilitate this such as telephone reminders and routine site visits. Both registered CTUs and Chief Investigators also placed a strong emphasis on training and working with local research site staff to minimise missing data, with six of the top ten strategies routinely used by registered CTUs focussed in this area.  
However, many strategies continue to lack evidence for their effectiveness. While 61% (36/59) of strategies had some evaluation reported by registered CTUs, existing evidence was typically low level: 21 strategies had only one nested RCT, and only five strategies had two evaluations that could be combined in a meta-analysis assuming there was sufficient homogeneity. It is important to replicate findings in multiple trials to ensure the applicability and generalisability and because results of nested RCTs may be more convincing if they span multiple trials. 
Many of the research strategies prioritised within the Delphi relate to methods routinely used by registered CTUs. Methods all have implications for resource use and despite their frequent use in current practice there was an absence of evidence to support them. Their prioritisation within the Delphi likely reflects the desire of registered CTUs to have their practices supported by evidence to ensure they direct their limited resources to effective methods. More embedded trials (SWATs: Studies within a Trial)(21) are needed to further the evidence base and avoid wasting resources on unproven and potentially ineffective retention strategies. The MRC funded START (22) project focuses on SWATs targeting improved recruitment and a similar initiative could be beneficial to improve the evidence base for retention. The results of the Delphi survey provide a list of priorities for future SWATs. 
Site initiation training was routinely used within registered CTUs and a top practice recommended by Chief Investigators, but was one of the strategies with no reported evaluations. It is therefore unsurprising that this strategy was identified as the top priority for future methodological research during the Delphi survey.  Triggered site training also reached consensus criteria in round two reiterating the need to examine how multicentre trials address attrition when patient contact and outcome measurement are often delegated to sites. 
Research into site training is supported by the results of recent workshop reviewing recruitment and retention strategies (16, 24). Anecdotal evidence suggests coordinated approaches with local sites and strong clinical buy in can help retain patients populations perceived to be at risk of attrition (24).  However, analysis of the methods and content of site training have largely focussed on the impact on informed consent and recruitment (25-29), rather than retention of patients and collection of outcome data where there is a paucity of literature. Lienard conducted a nested RCT investigating the effect of training and subsequent monitoring visits on data return and quality but found no difference because the study was terminated early (30). 
As the Delphi topic titles were broad further work is needed to explore how site training might impact on retention. Chief Investigators commented on both content and methods for delivering training within their survey responses. They described using training to communicate data collection priorities and processes, including the opportunity to develop bespoke processes for individual sites.  Suggestions of training methods included interactive presentations, newsletters and refresher training. Existing trial processes (e.g. routine use of newsletters, regular contact with sites) may be able to support such site training as well as enhancing or maintaining the buy in of research site staff. Berger supports this, communicating how training was important in maintain continuity of research staff and equip them to monitor and address withdrawal reasons, negotiate complaints and reiterate the importance of data collection with patients to improve retention (31).  
The choice of outcomes for future SWATS are an important consideration for future research.  A Cochrane review identified 38 nested randomised studies of retention interventions of which 34 aimed to improve questionnaire return (17). In our survey of Chief Investigators, patient withdrawal was the most widely reported retention causes and yet there is little published evidence for effective strategies. The four studies measuring patient retention assessed behavioural motivation, case management and a factorial design of a trial certificate and gift. No effect was found and our research shows that these strategies are at best infrequently used by registered CTUs.
Future research
The ranked list of research priorities from the Delphi Survey provides a roadmap to address uncertainties and systematically evaluate key strategies. Six topics were deemed critically important and should be a primary focus of future retention research. 
We strongly recommend that future studies take account of the range of causes of missing data reported by Chief Investigators and previous studies. Retention strategies applicable to a range of trial designs such as site training, frequency of patient contact and the frequency and timing of reminders should assess impact on patient withdrawal, patients lost to follow up and clinical staff failing to record primary outcome measurements as well as questionnaire response rates. 
Many Delphi participants commented on the challenges of scoring the importance of retention strategies when these are often chosen to address challenges within specific trial designs or populations. Considering the number of strategies discussed it was not feasible to explore this and participants were encouraged to score strategies based on the trials frequently delivered within their CTU. Consequently, the results reflect a ranked list of priorities that will have the broadest impact across the range of trials currently undertaken in the UK.  Future research is needed to explore the effectiveness of different strategies for specific trial designs, settings and patient populations. 
Strengths and limitations 
To our knowledge this is the first study to develop a research agenda for evaluating the effectiveness of retention strategies and so provides a valuable reference point for future methodological work. 
A systematic review and surveys of registered CTUs and HTA chief investigators were used to compile the initial list of retention strategies for the Delphi. The two different surveys sought to capture both the practical experience of Chief Investigators within specific trials and the broader experience of registered CTUs who work across multiple trials and different trial designs. Registered CTUs were invited to complete the Delphi survey in order to create a priority list that was applicable to the broad range of trials represented within the UK.
Whilst the study was researcher led and did not include public or patient perspectives, all three surveys benefited from strong response rates and the Delphi survey retained the majority of participants. Only one person failed to complete round two suggesting that the results are unlikely to be affected by attrition bias. The high response rate is attributed to engaging an active network of registered CTUs who were invested in the topic having previously agreed it was of critical importance (5). 
Analysis of the number of retention strategies evaluated by registered CTUs should be considered with some caution as missing responses could not be identified. However, this information did not influence the Delphi process or the ranking of retention strategies for future evaluation.
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Whilst trials are proactively implementing a range of strategies to address retention challenges, further evidence is needed to inform practice and minimise waste on ineffective methods. 
The Delphi survey results provide methodological researchers and trialists with a research agenda and a means of effectively channelling resources towards assessment of retention strategies that impact UK trials. Research should focus on site training, frequency of patient contact, the use of routinely collected data, the frequency and timing of reminders and the length of time needed to complete questionnaires. Research outcomes should reflect the wide range of missing data causes and in particular should include an assessment of their impact on patient withdrawal which was reported to be the most common cause of missing data.
Abbreviations
CTU - Clinical Trial Unit
HTA- Health technology Assessment Programme
NIHR- National Institute of Health Research
UK CRC- UK Clinical Research Collaboration
Declarations
Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Availability of data and material
Not applicable

Competing interests
The authors declare that they have no competing interests

Funding
Research funding was obtained from the Medical Research Council Methodology Research Programme (Grant MR/K024310/1)

Authors' contributions
CG conceived the research.  AK reviewed the literature, designed the surveys and undertook the analysis. All authors reviewed the draft surveys and were involved in the development of the research and revisions of the manuscript. All authors read and approved the final manuscript. CG is the guarantor for the project. 

Acknowledgements:
We thank all the Trial teams and registered CTU staff who completed the surveys. The Delphi software was developed by Duncan Appelbe and Melanie Harper Jones. 

[bookmark: _Toc430179164][bookmark: _Toc305226241][bookmark: _Toc305226370][bookmark: _Toc313094193][bookmark: _Toc313094546][bookmark: _Toc453590100]References
1.	Toerien M, Brookes ST, Metcalfe C, de Salis I, Tomlin Z, Peters TJ, et al. A review of reporting of participant recruitment and retention in RCTs in six major journals. Trials. 2009;10:52.
2.	Marcellus L. Are We Missing Anything? Pursuing Research on Attrition. CJNR (Canadian Journal of Nursing Research). 2004;36(3):82-98.
3.	Flick SN. Managing attrition in clinical research. Clinical Psychology Review. 1988;8(5):499-515.
4.	Gul RB, Ali PA. Clinical trials: the challenge of recruitment and retention of participants. Journal of Clinical Nursing. 2010;19(1/2):227-33.
5.	Tudur Smith C, Hickey H, Clarke M, Blazeby J, Williamson P. The trials methodological research agenda: results from a priority setting exercise. Trials. 2014;15(1):32.
6.	Salman RA-S, Beller E, Kagan J, Hemminki E, Phillips RS, Savulescu J, et al. Increasing value and reducing waste in biomedical research regulation and management. The Lancet.383(9912):176-85.
7.	Chalmers I, Bracken MB, Djulbegovic B, Garattini S, Grant J, Gülmezoglu AM, et al. How to increase value and reduce waste when research priorities are set. The Lancet.383(9912):156-65.
8.	Ioannidis JPA, Greenland S, Hlatky MA, Khoury MJ, Macleod MR, Moher D, et al. Increasing value and reducing waste in research design, conduct, and analysis. The Lancet.383(9912):166-75.
9.	Chan A-W, Song F, Vickers A, Jefferson T, Dickersin K, Gøtzsche PC, et al. Increasing value and reducing waste: addressing inaccessible research. The Lancet.383(9913):257-66.
10.	Glasziou P, Altman DG, Bossuyt P, Boutron I, Clarke M, Julious S, et al. Reducing waste from incomplete or unusable reports of biomedical research. The Lancet.383(9913):267-76.
11.	Wartella EA, National Research C. Prevention and Treatment of Missing Data in Clinical Trials. Washington, DC, USA: National Academies Press; 2010.
12.	Agency EM. Guideline on Missing Data in Confirmatory Clinical Trials 2011 [2010:[Available from: http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2010/09/WC500096793.pdf. Accessed: 1st March 2017
13.	O'Neill RT, Temple R. The prevention and treatment of missing data in clinical trials: An FDA perspective on the importance of dealing with it. Clinical Pharmacology and Therapeutics. 2012;91(3):550-4.
14.	Little RJ, Cohen ML, Dickersin K, Emerson SS, Farrar JT, Neaton JD, et al. The design and conduct of clinical trials to limit missing data. Statistics in Medicine. 2012;31(28):3433-43.
15.	Health Technology Assessment Programme Portfolio  [Available from: http://www.nets.nihr.ac.uk/programmes/hta. Accessed: 23rd September 2014
16.	Bower P, Brueton V, Gamble C, Treweek S, Smith CT, Young B, et al. Interventions to improve recruitment and retention in clinical trials: a survey and workshop to assess current practice and future priorities. Trials. 2014;15:9.
17.	Brueton VC, Tierney J, Stenning S, Harding S, Meredith S, Nazareth I, et al. Strategies to improve retention in randomised trials. Cochrane Database of Systematic Reviews. 2013(12).
18.	Guyatt GH, Oxman AD, Kunz R, Atkins D, Brozek J, Vist G, et al. GRADE guidelines: 2. Framing the question and deciding on important outcomes. Journal of Clinical Epidemiology. 2011;64(4):395-400.
19.	Harman N, Bruce I, Callery P, Tierney S, Sharif MO, O'Brien K, et al. MOMENT - Management of Otitis Media with Effusion in Cleft Palate: protocol for a systematic review of the literature and identification of a core outcome set using a Delphi survey. Trials. 2013;14(1):70.
20.	Facility NCC. PERFORMANCE IN INITIATING AND DELIVERING CLINICAL RESEARCH. 2017 [Available from: https://www.nihr.ac.uk/research-and-impact/documents/PID%20Documents/Guidance%20Documents/Performance%20in%20Initiating%20and%20Delivering%20Guidelines%20Published.pdf. 
21.	SWAT/ SWAR information (Studies within a Trial/ Studies within a Review)  [Available from: https://www.qub.ac.uk/sites/TheNorthernIrelandNetworkforTrialsMethodologyResearch/SWATSWARInformation/. Accessed: 12th February 2017
22.	Bower P. Systematic Techniques for Assisting Recruitment to Trials (MRC START)  [Available from: http://research.bmh.manchester.ac.uk/mrcstart. Accessed: 23/06/2017
23.	Lamberti MJ, Mathias A, Myles JE, Howe D, Getz K. Evaluating the Impact of Patient Recruitment and Retention Practices. Drug Information Journal. 2012;46(5):573-80.
24.	Nicholson LM, Schwirian PM, Klein EG, Skybo T, Murray-Johnson L, Eneli I, et al. Recruitment and retention strategies in longitudinal clinical studies with low-income populations. Contemporary clinical trials. 2011;32(3):353-62.
25.	Jenkins V, Fallowfield L, Solis-Trapala I, Langridge C, Farewell V. Discussing randomised clinical trials of cancer therapy: evaluation of a Cancer Research UK training programme. Bmj. 2005;330(7488):400.
26.	Jenkins VA, Farewell D, Farewell V, Batt L, Wagstaff J, Langridge C, et al. Teams Talking Trials: Results of an RCT to improve the communication of cancer teams about treatment trials. Contemporary clinical trials. 2013;35(1):43-51.
27.	Townsend D, Mills N, Savovic J, Donovan JL. A systematic review of training programmes for recruiters to randomised controlled trials. Trials. 2015;16:432.
28.	Fallowfield L, Langridge C, Jenkins V. Communication skills training for breast cancer teams talking about trials. The Breast. 2014;23(2):193-7.
29.	Bhatnagar S, Hoberman A, Kearney DH, Shaikh N, Moxey-Mims MM, Chesney RW, et al. Development and Impact of an Intervention to Boost Recruitment in a Multicenter Pediatric Randomized Clinical Trial. Clinical Pediatrics. 2014;53(2):151-7.
30.	Lienard JL, Quinaux E, Fabre-Guillevin E, Piedbois P, Jouhaud A, Decoster G, et al. Impact of on-site initiation visits on patient recruitment and data quality in a randomized trial of adjuvant chemotherapy for breast cancer. Clinical trials [Internet]. 2006; 3(5):[486-92 pp.]. Available from: http://ctj.sagepub.com/content/3/5/486.full.pdf.
31.	Berger AM, Neumark DE, Chamberlain J. Enhancing recruitment and retention in randomized clinical trials of cancer symptom management. Oncology nursing forum. 2007;34(2):E17-22.

Additional Files:
Additional File 1: HTA Chief Investigator survey of current practices.pdf
Additional File 2_ Registered CTU survey of current practices.pdf
Additional File 3_Tables S1-S9.pdf

21
[bookmark: _Toc313094194][bookmark: _Toc313094547][bookmark: _Toc453590101]Figures

Figure 1:
[image: ]


Figure 2: 
159 NIHR HTA trials identified starting between 2009 and 2012
	EXCLUSIONS
26 trials with more than two arms
	24 Pilot or feasibility trials 
16 Cluster, factorial or crossover trials
6 sub studies or longer term follow up
5 Cohort studies
2 Phase 1 or 2 trials
2 No protocols were available
1 Not active trial
1 difficult to distinguish between main trial and sub studies
76 Trials (Chief Investigator emailed a copy of the survey)
1 trial did not proceed beyond the pilot trial (ineligible)
25 Chief investigators did not respond
50 survey responses obtained and analysed. 

Large Tables
Table 3: Missing data interventions and reported evaluations into their effectiveness (Registered CTU Survey Question 6 and 7) 
	Missing Data Intervention
	Respondents who have used the intervention (% of all survey respondents n=33)
	Used routinely
(% of all survey respondents n=33)
	Used occasionally (% of all survey respondents n=33)
	No response for frequency of use (% of respondents who used intervention)
	Before/ After Evaluation (informal)
	Nested RCT Evaluation (Formal)
	Total Evaluations

	Newsletters a
	30 (91%)
	23 (70%)
	5 (15%)
	2 (7%)
	2
	2
	4

	A timeline of participant visits for sites
	24 (73%)
	19 (58%)
	4 (12%)
	1 (4%)
	0
	0
	0

	Inclusion of prepaid envelope (questionnaires) b
	28 (85%)c
	19 (58%)
	6 (18%)
	1 (4%)
	0
	1
	1

	Telephone reminders
	28 (85%)
	18 (55%)
	9 (27%)
	1 (4%)
	2
	1
	3

	Data collection scheduled with routine care
	25 (76%)
	18 (55%)
	6 (18%)
	1 (4%)
	1
	1
	2

	Site initiation training on missing data
	19 (58%)
	18 (55%)
	0 (0%)
	1 (5%)
	0
	0
	0

	Investigator meetings face to face
	22 (67%)
	17 (52%)
	5 (15%)
	0 (0%)
	0
	1
	1

	Routines site visits by CTU staff
	23 (70%)
	15 (45%)
	8 (24%)
	0 (0%)
	1
	0
	1

	Targeted recruitment of sites/ GPs
	21 (64%)
	15 (45%)
	6 (18%)
	0 (0%)
	0
	2
	2

	Flexibility in appointment times
	21 (64%)
	15 (45%)
	4 (12%)
	2 (10%)
	1
	1
	2

	Communication of trial results
	20 (61%)
	15 (45%)
	3 (9%)
	2 (10%)
	1
	0
	1

	Investigator teleconferences
	22 (67%)d
	15 (45%)
	8 (24%)
	0 (0%)
	0
	1
	1

	Questionnaires completed in clinic b
	22 (67%)
	15 (45%)
	5 (15%)
	2 (9%)
	1
	1
	2

	Minimising frequency of questionnaires b
	21 (64%)
	15 (45%)
	3 (9%)
	3 (14%) 
	0
	0
	0

	Short questionnaire b
	24 (73%)
	14 (42 %)
	9 (27%)
	1 (4%)
	0
	1
	1

	Collecting multiple contact details
	22 (67%)
	13 (39%)
	8 (24%)
	1 (5%)
	2
	1
	3

	Email reminders
	21 (64%)
	13 (39%)
	6 (18%)
	2 (10%)
	4
	0
	4

	Postal reminders
	23 (70%)
	12 (36%)
	10 (30%)
	1 (4%)
	2
	2
	4

	Total design method for Questionnaires b
	15 (46%)
	12 (36%)
	3 (9%)
	0 (0%)
	1
	1
	2

	Re-imbursement of participant expenses
	24 (73%)e
	11 (33%)
	12 (36%)
	0 (0%)
	1
	1
	2

	Triggered site training on missing data
	23 (70%)
	11 (33%)
	12 (36%)
	0 (0%)
	0
	0
	0

	Use of routinely collected data
	29 (88%)
	10 (30%)
	17 (52%)
	2 (7%)
	2
	1
	3

	Contact GPs for missing data/ trace patients
	27 (82%)
	10 (30%)
	14 (42%)
	3 (11%)
	0
	1
	1

	Patient diaries
	26 (79%)
	10 (30%)
	13 (39%)
	3 (12%)
	1
	0
	1

	Enhanced cover letter (Questionnaires) b
	14 (43%)
	9 (27%)
	5 (15%)
	0 (0%)
	1
	2
	3

	Staggered per patient payments to sites
	20 (61%)
	8 (24%)
	12 (36%
	0 (0%)
	0
	0
	0

	Patient data entry
	18 (55%)
	8 (24%)
	8 (24%)
	2 (11%)
	0
	1
	1

	Trial identity cards
	14 (43%)
	8 (24%)
	5 (15%)
	1 (7%)
	0
	0
	0

	Phone questionnaires
	20 (61%)
	7 (21%)
	11 (33%)
	2 (10%)
	2
	1
	3

	Trial Website
	18 (55%)
	7 (21%)
	10 (30%)
	1 (6%)
	0
	0
	0

	Taking contact details for a friend/family
	13 (40%)
	7 (21%)
	6 (18%)
	0 (0%)
	0
	1
	1

	Long but clear questionnaire b
	10 (31%)
	7 (21%)
	2 (6%)
	1 (10%)
	0
	0
	0

	Only collecting the primary outcome for patients with missing data
	17 (52%)
	6 (18%)
	10 (30%)
	1 (6%)
	2
	1
	3

	Gift
	18 (55%)
	6 (18%)
	10 (30%)
	2 (11%)
	1
	1
	2

	ONS flagging
	16 (49%)e
	6 (18%)
	7 (21%)
	2 (13%)
	0
	0
	0

	Flexibility in appointment locations
	14 (43%)
	6 (18%)
	6 (18%)
	2(14%)
	1
	0
	1

	Money/gift voucher given on completion of a milestone
	17 (52%)
	5 (15%)
	12 (36%)
	0 (0%)
	1
	0
	1

	Contacting patients between visits
	13 (40%)
	4 (12%)
	9 (27%)
	0 (0%)
	0
	0
	0

	Christmas and birthday cards
	13 (40%)
	4 (12%)
	9 (27%)
	0 (0%)
	0
	1
	1

	Freephone number for updating contact
	7 (22%)
	4 (12%)
	3 (9%)
	0 (0%)
	0
	0
	0

	Follow up through patient notes only
	19 (58%)e
	3 (9%)
	15 (45%)
	0 (0%)
	0
	0
	0

	Transport to and from appointments
	8 (25%)
	3 (9%)
	4 (12%)
	1 (13%)
	0
	0
	0

	SMS text reminders
	16 (49%)e
	2 (6%)
	13 (39%)
	0 (0%)
	3
	1
	4

	Trial certificate
	8 (25%)
	2 (6%)
	6 (18%)
	0 (0%)
	0
	0
	0

	Medical questions first in Questionnaire b
	2 (7%)
	2 (6%)
	0 (0%)
	0 (0%)
	0
	0
	0

	Generic questions first in Questionnaire b
	3 (10%)
	2 (6%)
	0 (0%)
	1 (33%)
	0
	0
	0

	Questionnaires sent  less than 3 weeks after a visit b
	2 (7%)
	2 (6%)
	0 (0%)
	0 (0%)
	0
	0
	0

	Other (Questionnaires) b
	2 (7%)
	2 (6%)
	0 (0%)
	0 (0%)
	0
	0
	0

	Money/ gift voucher given regardless
	8 (25%)
	1 (3%)
	7 (21%)
	0 (0%)
	1
	2
	3

	Case management
	3 (10%)
	1 (3%)
	2 (6%)
	0 (0%)
	0
	0
	0

	Other 
	2 (7%)
	1 (3%)
	1 (3%)
	0 (0%)
	0
	0
	0

	Personal touch (Questionnaires) b
	9 (28%)
	1 (3%)
	8 (24%)
	0 (0%)
	0
	0
	0

	Questions about health issue first in Questionnaire b
	1 (4%)
	1 (3%)
	0 (0%)
	0 (0%)
	1
	0
	1

	Questionnaires sent before clinic visit b
	5 (16%)
	1 (3%)
	4 (12%)
	0 (0%)
	0
	1
	1

	Prize draw limited to trial participants
	6 (19%)
	0 (0%)
	6 (18%)
	0 (0%)
	0
	0
	0

	Social Media
	5 (16%)e
	0 (0%)
	3 (9%)
	1 (20%)
	0
	0
	0

	Priority or recorded post (Questionnaires) b
	4 (13%)
	0 (0%)
	3 (9%)
	1 (25%)
	0
	0
	0

	Crèche service
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0
	0
	0

	Behavioural motivation
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0
	0
	0

	Charity donation
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0
	0
	0

	National lottery ticket or similar public draw
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	0
	0
	0

	 TOTAL
	35
	31
	66

	No. of strategies that have been evaluated (% of all strategies, n= 59)
	23 (39%)
	26
(44%)
	36 (61%)




Table 4: Delphi Survey research priorities for assessing the effectiveness of missing data interventions 
	Scores
	Round 1
	
	Round 2
	

	Missing Data Intervention
	%1-3
	%4-6
	%7-9
	
	%1-3
	%4-6
	%7-9
	Ranking

	Site initiation training on missing data a
	6%
	19%
	75%
	
	6%
	11%
	83%
	1

	Frequency of patient contact during the trial a
	3%
	31%
	66%
	
	0%
	21%
	79%
	2

	Use of routinely collected data a
	6%
	22%
	72%
	
	6%
	17%
	77%
	3

	Frequency and timing of reminders a
	0%
	34%
	66%
	
	0%
	24%
	76%
	4

	Triggered site training on missing data a
	6%
	31%
	64%
	
	3%
	23%
	74%
	5

	Length / time needed to complete the questionnaire a
	11%
	28%
	61%
	
	9%
	17%
	74%
	6

	Frequency of contact between central trial staff and Investigators
	11%
	31%
	58%
	
	6%
	26%
	69%
	7

	Impact of site recruitment rates on data collection
	9%
	31%
	60%
	
	9%
	23%
	69%
	8

	Postal or online questionnaires
	3%
	39%
	58%
	
	3%
	31%
	66%
	9

	Frequency of questionnaires
	6%
	36%
	58%
	
	6%
	29%
	66%
	10

	Data collection scheduled with routine care
	8%
	31%
	61%
	
	9%
	26%
	66%
	11

	ONS flagging of patients
	15%
	27%
	58%
	
	16%
	19%
	66%
	12

	Impact of local site researcher/ clinical staff continuity
	6%
	34%
	60%
	
	3%
	32%
	65%
	13

	Telephone reminders
	9%
	34%
	57%
	
	9%
	26%
	65%
	14

	Contacting GPs for missing data or to trace patients
	17%
	31%
	51%
	
	9%
	26%
	65%
	14

	Only collecting the primary outcome for patients with missing primary and secondary data
	6%
	32%
	62%
	
	6%
	30%
	64%
	16

	Email reminders
	0%
	45%
	55%
	
	3%
	34%
	63%
	17

	Patient data entry e.g. use of mobile phone applications (Apps), online data or other systems
	9%
	34%
	57%
	
	6%
	32%
	62%
	18

	Staggered per patient payments based on patient progress and data collection
	9%
	29%
	63%
	
	9%
	29%
	62%
	19

	A timeline reminder of participant visits for sites
	11%
	37%
	51%
	
	9%
	32%
	59%
	20

	Flexibility in appointment times e.g. data collection window 
	6%
	42%
	53%
	
	6%
	37%
	57%
	21

	Site selection strategies
	11%
	37%
	51%
	
	11%
	31%
	57%
	22

	Questionnaires completed in the presence of researchers/ clinical staff
	11%
	39%
	50%
	
	11%
	31%
	57%
	22

	Case management e.g. arranging appointments and helping patients access healthcare
	19%
	35%
	45%
	
	20%
	23%
	57%
	24

	Re-imbursement of participant expenses
	11%
	37%
	51%
	
	6%
	38%
	56%
	25

	Postal reminders
	11%
	40%
	49%
	
	9%
	35%
	56%
	26

	Questionnaires returned to local sites vs central office e.g. Is monitoring of response rates and follow up of missing questionnaires best performed by local sites or central trial offices
	9%
	37%
	54%
	
	9%
	35%
	56%
	26

	Data collected by phoning the patient
	11%
	37%
	51%
	
	9%
	37%
	54%
	28

	Inclusion of prepaid envelope
	22%
	36%
	42%
	
	23%
	26%
	51%
	29

	SMS text reminders
	12%
	45%
	42%
	
	13%
	38%
	50%
	30

	Teleconference meetings with Investigators
	11%
	42%
	47%
	
	9%
	43%
	49%
	31

	Clinician / researcher collected outcomes versus PROMS (Patient reported outcome measures)
	NA
	NA
	NA
	
	13%
	41%
	47%
	32

	Location where questionnaires are completed e.g. home or clinic
	8%
	42%
	50%
	
	9%
	46%
	46%
	33

	Retention and withdrawal information within the Patient Information sheets
	14%
	42%
	44%
	
	14%
	40%
	46%
	34

	Follow up through patient notes only
	14%
	43%
	43%
	
	9%
	47%
	44%
	35

	Research nurse teleconferences or face to face meetings
	NA
	NA
	NA
	
	3%
	54%
	43%
	36

	Use of social media to contact participants
	13%
	47%
	41%
	
	10%
	48%
	42%
	37

	Flexibility in appointment locations e.g. home or clinic
	14%
	39%
	47%
	
	14%
	46%
	40%
	38

	Site Newsletters
	11%
	44%
	44%
	
	14%
	49%
	37%
	39

	Availability of blinded outcome assessors to ensure data availability and quality
	NA
	NA
	NA
	
	29%
	35%
	35%
	40

	Routine site visits by CTU staff
	8%
	53%
	39%
	
	3%
	63%
	34%
	41

	Timing of sending questionnaires e.g. before or shortly after a visit
	11%
	51%
	37%
	
	9%
	57%
	34%
	42

	Collecting multiple contact details for participants
	24%
	38%
	38%
	
	24%
	42%
	33%
	43

	Face to face meetings with Investigators
	6%
	58%
	36%
	
	6%
	63%
	31%
	44

	Patient diaries to collect data
	11%
	50%
	39%
	
	14%
	54%
	31%
	45

	Total Design Method (Dilman 1978), a specific approach to maximise questionnaire response rates that utilises cover letters, reminders and resending questionnaires 
	16%
	44%
	41%
	
	16%
	53%
	31%
	46

	Behavioural motivation strategies e.g. workshop for patients to help facilitate completion of intervention and follow up
	24%
	45%
	30%
	
	30%
	42%
	27%
	47

	Format of Newsletters and mode of delivery
	NA
	NA
	NA
	
	12%
	62%
	26%
	48

	Offer of trial results for participants
	11%
	58%
	31%
	
	11%
	63%
	26%
	49

	Frequency of newsletters
	8%
	64%
	28%
	
	6%
	74%
	20%
	50

	Question order e.g. Health related, generic or medical questions first
	11%
	61%
	28%
	
	6%
	74%
	20%
	50

	Patient Newsletters
	16%
	59%
	25%
	
	13%
	68%
	19%
	52

	Open trial design
	41%
	44%
	15%
	
	42%
	45%
	13%
	53

	Timing of monetary/gift voucher for participants e.g. given conditionally on completion of assessment or unconditionally at the beginning or end of trial
	29%
	47%
	24%
	
	27%
	61%
	12%
	54

	Monetary incentives or gift voucher incentives for participants
	29%
	44%
	26%
	
	30%
	58%
	12%
	55

	Transport to and from appointments
	14%
	63%
	23%
	
	15%
	76%
	9%
	56

	Taking contact details for friends/family of participants
	31%
	50%
	19%
	
	32%
	61%
	6%
	57

	Gift for participant
	42%
	45%
	13%
	
	42%
	52%
	6%
	58

	Prize draw limited to trial participants
	41%
	44%
	16%
	
	34%
	59%
	6%
	59

	Enhanced cover letter
	24%
	55%
	21%
	
	21%
	73%
	6%
	60

	Trial certificate
	44%
	50%
	6%
	
	50%
	44%
	6%
	61

	Trial website
	31%
	53%
	17%
	
	26%
	69%
	6%
	62

	The use of a Freephone number for updating participant's contact details
	35%
	58%
	6%
	
	40%
	57%
	3%
	63

	Trial identity cards
	39%
	52%
	10%
	
	42%
	55%
	3%
	64

	Use of social media to contact site staff
	33%
	55%
	12%
	
	38%
	59%
	3%
	65

	Gift for site staff
	45%
	52%
	3%
	
	36%
	61%
	3%
	66

	Christmas and/or birthday cards for participants
	48%
	45%
	6%
	
	64%
	33%
	3%
	67

	Type of post used e.g. priority, standard or recorded post
	34%
	54%
	11%
	
	29%
	68%
	3%
	68

	Personal touch e.g. handwritten letter or addition of post it notes
	26%
	71%
	3%
	
	27%
	73%
	0%
	69

	Offer of a crèche service
	50%
	46%
	4%
	
	57%
	43%
	0%
	70

	Christmas cards for site staff b
	67%
	33%
	0%
	
	82%
	18%
	0%
	71
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We would also ke you to score additional outcomes that were proposed in round 1.

hitps://ctrcliv.ac.uk/Delphi/MissingDat...

Please review the strategies listed and score the importance of future research to assess their effectiveness on a scale of 1 10 9, with 1 being not important at alland 9
being critcally important. When reviewing your answers please consider this question:

How ImportantIs it for you and the trials conducted within your CTU to have this strategy evaluated for its Impact on missing data?

As before you can save your answers using the ‘Save’ button at the bottom of the page and retur at a later date using your ID number.

Many thanks for taking the time to complete the survey.

Importance
Total No of Unable
Participants Important but

Outcome Scoring | NOtimPortant | Tooy critical Critieal |t o

10 T3 |a[5]6|7][8]0

Communication

1. Trial website. & 1% | 6% | 14% | 8% |28% | 17% | 11% | 3% | 3%

2. Site Newsletiers 3| 3% |ow| 8% | 6% |17% | 22% |25% | 1% | 8%

3. Patient Newsletters 2| o |an| 6% | o% |31% | 28% | 12| &% | 6%

4. Frequency of newsletters & 0% | 3% | 6% | 17% | 31% | 17% | 19% | 6% [ 3%

5. Use of social media to contact participants 52 6% | 3% | 3% | 16% | 16% | 16% | 28% | 9% | 3%

6. Use of social media to contact site staff 22 12% | 3% | 18% | 18% [ 15% | 21% | 6% | 3% | 3%

7. Collecting multple contact details for participants 34 1‘,;% m 3.:*, m m zé% 247% m{, w, C





